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across No restriction f ragments could be clearly 

visual; «e-d by staining with etnidi^m fcro^id* so the gels 
were sovsthfe^-n bleated onto nylon and hybridised with a 
DNA probe of the entire irss-srt rA pUHA.2 . This probe 
S re^eal^ed twe hybridised cands fcr many of these is.oIat&Ss 
One of th-s bancs? was the sams for all isolates suv* 
corresponded co th* position on the. blot of undigested 
^erx>rc.i o DNA The other band varied in- size- fiom one-, 
.isoiane r.c ancther but .m rtc csm was s-railier than 

id approximately 3 l'h One strain cont sinin^ an 

appro^iP!«-ely 3 kb fra^i^t was dasicmsted. WAglOG arid 
ue*<d for £urt:i*<r analysis. The*-** s^sul^a showed chat a 
PKA Oragn,==r^ of approximately 3 kb was Stic lent to 
restore virulence to ft, novis ATCC15721 . This 3 kn 

IS sequ&nce has sufficient overlap with ths- insert of plfR&? 
tor detectable hybridization to occur between the**.. Tins 
alignment of the 3 kb sequence and pUHA;2 is a*so 
consistent with the virulence restoring sbili?. ie-s of 
ootids pnHAi. p'JKAS and pUHA™ sins*? most of the. insert 

2® of pT7KA2 within th* *h*r«d D-SA secant of: ceroids 
pCdA4 , pllHAS , and pIjKAT, 

A restriction rasp at. Q?c>©snid pUKA3 3) was 

25 constructed ior the an 2 vines Mlu: f jvhei and Notl using & 

partial digestion teonnsque. The oos^id insert contained 
no 3Hf?s for the enzytie Xb&T < whereas the pYTJ&l"^ vector 
contained two sites as shows iFig. Ji, In the techn;,qv;s 
\*sed, ct>$?s*id pUHA3 was partial.; y digested with each of 
36 the* three ensy^es separate-ly and tber. the* partial digests 
were digested With Xixzl ■ DKA fra^-jnts in saoh p;=ri::i #1 
rhgesr were separated in dv*r % >l ic-ste by a^arqse- 
isl^;:troph^r«is>l y srvd transferred wo nyi^n fillers by 
Southern £»lc?ttiri«. One of the duplicates was hybridised 
35 with -i -''P labelled probe of the left band vector ans of 
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pUiUd zuA zhfi ochei auplie&Le was hybridised with a prob-* 
of the right har:d vector aria of pltHA3 . Sss:. estimates? cf 

jsoisoular sise differences between the labelled 
£i^ge<;ents w®r«* obtained by comparison to lafces'llsd DJ3£> 
5 ;narfcers and these were slse= compared to fr&gwent suss r>? 
■::c.n"p digests c-f pUH&3 with tb« saw* snrjifis , 



vector pUHA'> LSinc st3r<d*?rd jrcethoda . The "li rase " 
systsra {S^ofaegai was ussd ni&ks progressive 
unidirectional deletion cnutsm^a o£ two clones designated 
pUKAll and pLTKAiS which contained th« l S kb fragment in 
opposite orientacicns, Appropriately siasd deletion 
nratar^s were cloned and chosen as instructed by the 
s^ulaeiarer' s protocols, Poly^r^^« chair, is&ceiaa 
s^quenc^n-T was parforf«*d by ccrMasreial kits 'ISIfoec. - 

SRI. and Interned: in accordance with the rft&ntif astute 1 r' $ 
instructions . Thtt 274 5 bp tr^groesnt that ^stor&s 
vir^l^.jwiH? to t>Oi r X€ ATCC3i"7£I .;.£=: shown in Fi«jflir*: f i , 
PiguL£ i?A shows this s^quer^e tcx**£h»r with s. 53$ inline 
dOid tivj.ET.ij.l.iiv Iqjj of the largest orf, Tbs first eodon of: 
mis ORF at positions is contiguous wxth the 

likely riboaorre binding site so initiation nay actually 
ozc\xr -at coder three at positions 

.Cc^t'.^r.i.g.oo.....Q.t....r.he . 3 kb Mycobacte rial DHA sgqu^nc^ 

wit: h Qag^Bank ssgi.i«r;cgg 



fr^-gu^r^" "hat r^stor^s virvjlsssce to i^. bovis &TCC23721, 
show:; in figure y , was a^alyst^d using the '? . 2 . 1 -- UNXJK 
update {S^pte^b^r 19? 3? of zhix pr curare package supplied 
by eh?; L?rJ:.v«*rsi r.y of >n scons!;-; Geraatics computer Group 
Science Drive < Madison. Wistoas-in £3711} t this 




Li3S_2f_lJi.fe...S.^3ISJ35S£ 
WAg33l5 was -digested with 5>5.-l s?vJ the 3 kb 



Tr>e DJ*« seciuenea obtained *rc*<n the 3 kb 
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package is ahbrev^st^cs ar "COj". At, ^sriisr vn-rsicrj c f 
*-.he package is c^crib'ed ir. PuY>»xf5su>t , J,, et , 
Ku^} . Acids Res- H- 

Th* comparison w^o perfsrtsv-d as bilows. The 
^ r>I^A. sequences of th* csmigs were cransiatsd ir.tc asrmo 
acids -i;sin3 ths prolans TRANSITS. J and conpar&d to the 
SerJsank. database update 32,0 usiiast the programme 7FASTA . 
Ttv. ?s c^rap.^r^f-r) r^al^ tha- Uie ^qusrice an^lyiisd ha-J 
qr-.if i:i-ar^ hc-^icgy wdttt r^s^rous s^g-Tsa tactcrs, Son? 

i0 ?i tnc se^uencs* of £ h*= sj^-grr^i f&^tors w^h *?h^\ r - rhp 

uo^-oa^jy p^ticularly hiah wt->^ obtained frixs tL* 
ue-n&ank (istabasf* ximiiin ui* prsgratsstv*! F5T7H and their 
coding sequences wer^ rrsrsft Utd xritx arfun~. acads ystnq 
TRANSLATE The*** sagT.a factors were cner. compared :o an 

li. a,!r;no acid tr^^sUt ion vus-inc; TR&^LATS' of the A=src& OFF 
;<n Lr.e iai-ges 1 : eentig using pr^rafnms PILEUr . A 

sailer dowrsst rearr comics waa also translated usmst 
TRANSLATE ar:d ceitip-arsd 5.- the s^tsc FTLEU? cor-sr^ isor; , 
FETCH. FTLEUF, TFASTA and TRANSLATE are prograssri'** in -h* 

£0 GCG package . 

Th« results cf a PiL^up conpar^scn of hsdE 
principal sugns ^ct-^rfs iron ^^.r^pcoTsyre^ cceli^alox 

i/^n^srsX ^c^rsjisr.. to. LCSO^lt wi^.n the arc mo acid 



M.. bowl® dissociated with virul,snc§ : . Exact homology 
between she ssquaness is indicated by verticil dasiies, 

While th^rR were significant hora^slccsies oi the 
ssquancss enead&d xn ths M. bovis fragment with the siq^-a 
5 ra^t^r sequence? indicated sbove, the overs]! homology 

d&i:eot<Ss3 was less than about; to "t0% wich &ny specific 

sequence. ;n addition, there was no oxact T^tch with any 
cf. the GeoE-sank segu*?.nces > 




Th» 2.7 kb fragment £zo*ti M. bav*$ w&g^SQ was 
se3\i«!ne<*d en both chains ug;r,q §n ordered delation sxtuL&rit 
scratss'jjy ar.d polymerase ch^ir. rsacuiors sequencing with 
1? A probs of this fragment was vised to s&Iest 

hybridizing clones from replica pl^tsss oi gsr,crci*c 
.librariss of ftf, too vis ATCG3f,72l. M. b<*Ws W&gSCl ianotbffr 
vir^Isiftt £i&w Efc aland straip) , arid tuberculosis Srd^an . 
Tha homologous fragments w&>:s<. i&-ul^t«d and seq-u^nc^d 

a^-i Qhftir latrc«» OFF* t;;;— sC sted for the S>lb£DF 
comparison . 

The s^rju'r.n.ce of the 2,'> kb fra^hv^t ^nc^ing 
the rpoV gene Irocts M. bovls WAcjSOO and comparison ot its 
translation with tnoas of other ,\\ bo%'is and M. 

3? tuberculosis rpaV serses and principal ai^ra-s tacwrs frw 
two Sir&pcoi&yces spsciea is snown s.n Figure 12. Figure 
I2a presents th*s saquer.ee of £f, bovis showing the 

laig<8 OR? vnieh begins with G7£S at position . 
Since the potential rifoosonvs binding &it«s (underlined ' 

!?C sre so close or overlap this codor^ th? likely initi-iliM 
s?it<a is the third codon sf r.h& QF.F f as u\di catsd , Thti 
tnre-? ^ut^tions in N, i>ovx& ATCCj£'?2I and th*:^r <=?££^et w-. 
th*v r.raiss lotion &f rpov &r<£ ai»owri sesp^ct i v^ly wbov* 1 
ts^low t^s ^qu^valert sequences trc^si bcvls was 2 so . 7 wo 

Sr of th<* thro* mutatiens ar-a also tound In one or sior-i of 
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the <at.be.r tuberculosis complex ft&xain* smlysed 
i«*.riir. "jTJ^eis in brackets, - 

ILL presents a comparison of putative 
-s-ripa: s^it-.s factcrs of fo\:r M. tuberculosis rc-T.piex 
S scia^ns 1 «r,i tv>^ ^trer-ro/r; res sp. Up-j;er c^?e listers 

ian^Lej -a^irv. sci^s thst ajrss wsth fcne ^nse-r^us? ise-quenre 
of t M [JwybtfiK ^««x hn srrow d£st L ot«s-> the 
rrv";t;c^, r^f tr,R an,; no -*c\d m tha bovz A'VC^2^^21 
yf-:;u*nor> »n^t dzitvzi* *ro^ that cf 1 thirt f m • «»r 

that it, ir tl\; n ds.* ler&no- t5,<*t cst^s<?£ M. Lv?vi^ AtC£3S 

t've r'lg^c;- in whu 211 o:ours has the ch^r&.rtei-stxe^ of 
IS ^ hi, I ix- r _i r - sc jn^r-.f sr.d is believed to involwd 
i~ -:i sequence lecovKV-tion, ■L^erte; K. e> . HP9;r , 
" - Bact . . .Mutation ot an ssr^miae to »s 

his^idi:^ ir. thi^ previously be>?n sh^wn to 

r^'^p an si t sra* sor* promotes* rticocrrar u~<n ir< 

Si"*! - 5"*? i^-ri. r<i* Ti-, Nation At th.es- ftauivrC^m 

P^;"?,on tii* ^ iiTlO &<*q^n?c has not be*^ 

report: &d.. 

35 Sacaraple 2 

rciA-ji-TCLECTSDSa EKCOPSira V IRULE NT.. .?ACr"*5 T fl "~ AT EP F V A 

M^iE...j.x N ^r. L.»MEyrArr:-K assay 
A TsecheJ ftr idant $.iyirsg virulence determinant? 
"Y ve^e^iz ccv.?l~T~nt?it \ r-i\ wts disrCtvor* 3 ^ t^.at requires. 
' " tw .s'.r&isis t har &r-* ^neti t;."i) Iy ss^i j ar r s 

csust 5.n{}\;5.s?h=5i; 1-=- r.y the:r -SLb^lit.^ to csu^e dss^asfi in 
^° *ftrd^I* K.5 ?Roi ana Hj".'kv were d=?r^ved 
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Lrc^i the. sa^e clinical issUts: iri 1934 and liaised £is<Id 
g&l .■iri.a.lySK^ OKA £ cas^srsfsn^p ge^sx&r.iKi by digestion witi 
infrequently eutimg erszymss revealed that their 
tfacrsseop-ic genome organization «s similar. This 
5 well -character i zed di£t**r®nc& in growth rates irs souse 
lungs ar.d spisfsns of, H37R.3 and K3.7F.v- correlated with 
their pathogenicity, The ability' of H^7R.a,.'H3?Rv 
recombinant » to grow faster than H3 7R* in the i»us* vas 
da £ i ne.o « s 3 pot; en t la 1 viru 1 -ssnc © phenot yp& . 

13 A <?*i.'v::.tc-ii: library or i*?, i^ub^r^ulasi^ B3?Rv was 

constructed in an integrating oa&siid vsccor, pYimilB f anc- 
ei-rctroporated into H3 7a&. nice wtz± infected with peels, 
of r^osuoi exacts contain! r=g KV?Rv D^A to a I lew Chs 

selection of ^rowir.g clones in ttsousa spleen and lung. 

15 The integrating shuttle cssnid libraries, b*sed on the 
ntyco bacteriophage L£ integration systssi, were ideal for 
m vivo com.plen^ntatioo he cause : ii} only approximately 
22S clcrtes were required to reprss;*mt the K37Rv g«?«0:3£ . 
ui> toxic effects assoc-iacsd with th® *>tpr<=?ssion of 

20 gertes £io?t< ^lticopy plsssnids were avoided, 

liti) kanaiwcin sel-ietion pressure wss oot n^ce^s^ry to 

:. e'i C a i 0 cosriid, and iiv.s --ousters of contiguously 

gsnss c&n. i>a d&li v^rsd and 5?:poes5s<ad , 

Ths growth rst« of a*;iect^d rsco^inairts vers 

25 -e^iuitoi -n "i^^v ^Dl««.r aoO. i^-ng, 4ii:d ii r^„.*Vx3 was 
is^.ljr^h ; t. r^tnw nWV-> *t nrm the 

-v^^-p^^ cr _ , e -cro<i 1 ""i:* ~~troi csll^w&d for ths 
-o^nti.Zi.i.atr_\\ and tn^ra't «r: ^ativ_-t _ N 5 a 2 C kr DMA 
tragrrcnt cf t^er ..i^c^i^ wr „or \ -^terryo. ^r .on ttjtv: 

30 nM' a-ii -4* ; ^cr^ t ttt*=- g- -^'t - d**i> w<? ^ ^Ra 
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^r Jorcj ^1 t..o vtiteic tai I lena^S)*- 

j =s^ gr"w* ir< rarirr/^ broth 
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.uaio i'cUcc Ubcra^onefv, Detroit, ^ch . ; and a u Q$\ 

h ?irs5Aie;> Level * cor-L^irs^nt . All cultures wr 

grown a" : S ?-"C. £\ ccJi strains x ~ 7r -4 (!-'» HE 1 01 ^ s and 
r.HiJe lEe^h&sis Research Lsborfltcri^s* Lift? l^chn^Jo^i*? 
y-nr Gfs i rhersburg , JO' we-r*« gr-~wn *r L broch ^fwn 
x vr^r qrown at. See T^bl* P> for =■ la?-: <ri 
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iiisr^faccuiei's procsdurs . Th-r w sr^pac^ge^ lysate 
was tr&risduc^d, usar:g previously dsscrsx-ed methods U4, , 
irtfo the ;r: v:vc packaging str«;n of S. cslz ^27^4 114.'. 

5 

1., iii....vi ^ c- - packed r g 

The ^C'-'-lO 4 k3^at*yr*n- resistant reccKifcir^ant 
clerks wis pcxvlssd sr,d inoculat^c into L br~.th c^r.r stn: rtc 

10 flasnMd Df;*. Jt^ f <-it< ^Ik^l^n^ ]y«^ p\?triOd. T^e G"her 
: : ,U"jv"-f vas grov,^ by , n riv? packaging which *as 
scores. I i&he<-l by previously described procedures . 
TJ-e > the lyaats* prepared froT, ^?t-4 tra^-cluc-ant s= 

'jenti&iruna s:?se r.Tt^l" f 8 : .H37Rv library wjs apprcx-rc&tKly 

IS \ x *y J cfu,-«i: TJs-a iysa^e was stored at 4*C a*t.er 
EiLt-srxrscr thrcugn a 0.4s tssi pore sterile -^Itar. 

C :ns t r t 1 ^^illlK;^,^!:^!^. ^lIMX^sSi^ir. ant 

20 +^ Sign? day old H3" f ^s culture wa? 

slectrop^ratcd w;th tr>e pYV2:-S; ; Rl?Rv library una itj 
plas?sid fcrsr., and s^arat*]', , wirh pYUEi73 D^A . 
Apprcx a inanely tr^nsf orients aras*? frcn five 
tndecfcnde^c reoperations of c«:i? with ap^^^^y 

2^ - I' -J «U-i"^vy £N'A pa^h Twrs iw^is of Hli^R* 

ipVUBl"?& : sHJ Vk^l r«?c^b inarms., pool 1 and pool , were 
n-vsde by collecting an i iftijrukcmg approxi nateiy 2^5 
cx>lo:s;^ ji' o 50 ci" enriched 7H5 broth confining 10 
^g/nd V^na^yein, and allowing growth for approximated y 

30 two w-sexs. &i:q~vts o£ psols were distributed and trover, 
irs cryt'idls tor later use in anxssi&l experiments. 

Anctt^r pool of H37Ea (pY^l ; «s17!?vj 
rerr^ir-sniR. p^zl J. , consisted of app rax i*iv*r.i?Iy 2^0 
eLoj- a «>s &:ici was ussq t'~ d^ser^in^ whether th*r pools wer* 1 

3.; repret^r-.a^ive . Reeoir^ir^nts -f pcol were collected 
dirf»-tl> f>v!r:i platen cf e.nri-had Middle brook 7H: 0 agar 
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" o ^ i- TP ft? „ ^ je. «.* i J"? fc v t 

,\5<-iift >t.. J: 1 <^;o f ^ ^ '0 'lie*. lt«^J 

w-* - - r^'iie c * y c I *w«s.^ _ s r " - r 

r* i-^ tv. ' "l^^ r*=a %m *■ tisC" 

x :^ - . ft* t^z** t * • 




t C --if- z <■ - r - O 1< 1 \ J) 

J p -r- t^^r " 1 C* ~ "I. " i .. ^ v. e ^ 

- ^ « * ^\ 1 ^ ^.i it. r _ ^ t 

i <. St*.'-* t - 1 ^ ^ hb 



a<T-it v -ti * * >. uO "il kdiii T" t o " tn* - t-ac^ , - 

w-j-j, ^u: Li.'» lij.^v.'- ' it- o./ c^lj)* Alto 

ovti;^; t*.,'' vH ecl-r^e* lie as' t^^t . 

I ->d -nt- t^Lii rvL_>r " N 

Zrz Ir ins\ Ti N ;*lt a ^- ^e-;^ tit. te^ a^t" 

o""'- 1 i l 4 "^ ^ *>«; _ '5' Li ^U't" 5 ^ ^cin'h* 
i x * 3iJ^ *0 'I* -'^.t »t' { ' ,, E' JIO* tO j! w^ k i 

rMro' ^ vbs i iijti- 4 wOne?s wtr* -tiC 6.-^ 

a c _ nes , rfeie ticks J £Kd ors >re1 ry >o 're^ 

r t -^q r x " 

l ^ £ * i p- v 0U C" 1* - (TJCWTl ii < V H^ 

i f j bv^'t^ t^esiir^ut' T». jr. wtv ^rowtn j^tfii of H_ <*kji 



35 



wo mtn&u 




72 



recombinants sre visible b&Ms is the Soot tare 

a iiiYo.o. in i Tat e 4 0, c*ncs 1 - 

5 i->pi:xn ~«*'y r*> % nil*}*;* r; rs^r ^" ' s ra«^ po"t * *fv j, « 
s ^.Y<k ixa, ^k- Tif T s pco" * b^t -< W>tCi " 

15 T I <f 'it " v ^ > >'Rv ro J^rj-ir.i-.t «• <---«5- s-ej it teMr*^ 

rc--- r^e --c~ ^ t < ^ y 

l v »/t^ , x 1 is,=i "lit a « «" r h-j cp ^ p c 

-r-^fs ^"Civuiucl rocai^ii ini* t i "^rue*- th^- g^r^ fsc^ t.io 

i ^ i 1 » i 0 j v ^►• T iti* «^ n'tr - *>cf # Ton ^ ">i 'ip pf 

" > i vx K I '*'^< 1 L^r^.^L ,i£ ji ~-ct^r rc bx*t}~esrn 

-"1 5-^-] . j. ~ « rt-T i*- it J_r ^ t i^ a ^ k re 

- v v^*- r^cr^r •* 4^ f " .e^ - < ^n*. 1 sa^v*^ the 
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aeEigr^sa tc^SC;-. and lane 3 shows a clone Lh«u has 5 
j iirsctionsl f rag^nrs icsr.- ioa.1 to !ihc.?& of: !r<c"606. 

clones having junctional fragments identical to 
tn-is*- ct ^CSOfe wars isolated irotti -many animals during 
5 irwc di if &r&r>.r. ex^erisr^nt: s .. J 7.'- and JSP, Sdats n:-r. showr.; , 
vas further characterised. 



Growth r&te comparisons* clones 
;Hj7F.,~i ^e-T^sdnsng pY"31?$, set: Tabl« 3'. 



wese Mde ise*- "ig^e S': . Clcjui fno'^Qi" grew in the 
^l^en a rats that was slightly iow^r rhsn ths growth 
rats o£ Ki7Kv during ths first two weeks ct infection 
Clone TiC^SIS barely grew. After th«; inito.Su growth 
phSiS'j , £f.e i- 8D5 wss ei&ared frost the spleen at lover rats 
than tbft rate of c lesrsnce o£ n-^Slo H3*7j$v persisted at 
st** <i&y 2 & itsv&l >kt i^ast through the experiments! 
ena.po\nv. , day *>4 . Clone ISOLDS did sot: grow taster thsr. 
iif's'lf. during first t»? weeks m -iicuss^ iuiio f F 1 ;;t-LS re 

-SB', Theref.ors- th* Easter in vivo growth rsts mo 2 8 06 
totop^fcd t:o me* SI 6 *&ss EVider.r. Or;ly in wtosjsse spleen. The 
growth ral;e-3 r-c^80t>, snc^SKi, and M37£v in. snrichsd 7Hi- 
broth vere virtually identical (data not ©hewn) . 



To prove that the H?7Kv DN& insert present: m 
in rivo-select^d recombinant was v&ft£joi3&ibl«j far its 
i:\- vivo growth phenotyp&. ( it had to be retrieve 3 rro^ th-= 
chromosome* A. disadvantage, or. the stably ir-iE:*?9rA^in^ 
PYUBI73 : :K3 7;<v eo&^id library is the; difficulty ot cosks.;o 
retxrsval frost, the. ehro^ososfie o£ a K37Ra tpyL*B17S ; :H."?7Kv. 
recc-j«sbinant ; the excisicr. fluivrcions oi LS art* n^t y^t 
understood. Usncs, & itiat-hod was devised to clone th^ 
~37Hv ENA insert as a cos^rd -is&e Frguir-s SS^ . The iafrisds 
in v.i rro- packaged ligation smx that, contained random 
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p5,-=<c-->.ft or than mc 2 8G& ehromoscme v&« trjm.sdu^£$ into £'... 
r^ii fcr the purpi£:<$ cf J^le-r i x vV?Rv 1>KA-- rcn" sin^ruj 
ecs^ids. Ordy ihcse cosruds co:~t.*ir: K. wli ar:d 
aph rfeplie&ted uncs&r k^fi^r/civ s^i^taon pressure ;cf 
S Fiqu:s.<£ 6A> . The Southern a^alys^s cf 5 6 of the 3-i 

retrieved cos^ias ot nc^S fro-n £. coj s ers^sduct-ar.ts 5 
S3 hoi* r, ;n F^gxsre f£ Th<? o^^ids were digested with both 
sno AseT srvi sr*3 syued fcy fcleictrophn-resiSLs . The 

tp proite, g-e:t«-r&t£6 by disresti^n <--f rVrT-n?^ with 
10 B^-ll. h^rx ii-r^n *s- the 5-C^Rv.cYuSi7. "ft jarrr. .i or. "_ii.it 

included laiv^ia DMA sd;a-£55t t>t by cc-Tp.sri.519 tr^ - 

■ivat.icIj with "h-i- tiseir oi the -ur.-" clonal fragment-* 
~i""Syfe in I«m i, em& cissri d^ter^ttv? -^r^ther the entire 

15 H vl Rv insert Dt^A tva.§ b^en retriwd. Or:Iy or*** o'" ths; 
L'cjf-idy did r.ot certain the £ul VB?Rv fragment 
a cn scent to the pYUB„78 -unction 'Figure SB f laru* , 
TL*_ tetrieval pixsd^r* was vs_y ef f in «nt ; 3* _f ts« "53 
T^?r^-r?i:ri?v^ c^s^ics stonts tried _h& s^tir*? H3"??v 

20 .insert *dst_: ;v:>t n&cw."- . The* ccs:ri3 cione desLjn-itad 
rY'JS^fiT ir, ; sr.? 17 ws? \ssei f^r f^rths>_ at.xirh'. 

-cf.-rui- free; tK oYliBI?S - :FHTPv r. ijjA ..library 

Tt> prove tr^at the H3 7Sv insert ONA was 
responsible f^r trvs Kp„<s»ri ar\~wth phen_styp_- f it had to b 
r*intro3ue*.:i into H3?S<_ a.:id tssaed. Reinr rod^r:: ton of 
the t^Pv ir,!?srt Sro^ Tc*"&0b r^e^fibiii&iit mta 

Ma~Rsi inquired & -.spli-tati^ . F*?sri^ved -os-aids 

■Jit r„e<t have the a3?i;ity tc r^plicat.^ in sr.^cjE>.s^tftjri^ 
h'-c^'use "Ujrv lojsr. th-; int. us-'t;^- whf^ they w&re rsnoved 
fr.'-n tr.e chrociioriosseis cf the isj^cj^binAnt s Thi?r~fcr^ , 
pY'/B^'iL DMA w££ asftd a pro^" to screen the 
pYi:T5': ?£ . ;H3"RV IiPrsry isi coi a for she h;<""Pv f^A 
..r-pert s^t with rrr^SOf . C-tlom^s o£ £. cell 

i^yiJB;T6 r ?RV library trar^ductaata were transferred 



to nylon filters, lys&d, arid probed with pYOB3S2 mm. 
Cosrcids ^.rsat shared H37Rv £NA with pYUBSsi:, desi^^ued 
PYUBjSj a^g p sTUS 5 i?4 , and unrelated c&smids. desiccated 
ps'US'JSS «r*d pVUSSSS, wers separately trar.siorsneri into 



The H37R v DKA.og_ 



3 rowt. h A-Wg n t agg -p 

The growth rat&s of Rr?K=a r&oc^b^rs^t clones 
contsiEi^ pvus 3 5? - overlappi^? and -.ionoverlappma 
~03"-:i.as were tested in sice (=xperi*r,snt JSZ, s*?.? Tahl* 
S) , Th& K3-?'Ra r^corvbiriarits corj^ainiricr the pYt?B2 St- 
over, apping cosnids gsr^w &s weil as ^c^&0€.. and the H>7Ra 
rsccK-binants containing p¥UB3S2 - nonov^riappisig -^smids 
grew poorly cr did no- §rcw ar si. I. J Figure 7) . Tn*?s» 
daia ar:dica;e thac the Ki7Rv DNA that is sharfcd by 
pYUB35i, f;¥TS:i*':;. and sjYTJB:**^ &xsjv-*?i5.?e.'j a gene or gs^ieUs 
.■a£.sn<:i st&d with growth ir s t*vs sp-ieeri ., 



The pYUE353 r pSfU83S3. and pVUB3S4 ootids «*r 
stepped by restriction digest and analysed by southern 
hybridisation I's^e Figure 8) . The schematic of Figure 
shows ths physical rasp of tha H37Hv SNA msarc cf each 
clon? , A DKA region of approximately 2 5 kb ;s shared 

vjvc? growth sdvarst ag<& . 





straxrs or dons* 


t^scri^t ion 


Source 


s 


! E. col* 








\ HS101 


lacYL glJiV4 4 gaiK21- 
r*^Al3 --paL30 xyl-S 
..^,lL,^i-t h«»20 _ 


(3) 


10 


s , «c v. * 


with X eiB5 7 Vi 1 * 




IS 




" ar y F - 1 r s cs ya ? II 1 6 ? 


BRL, lac, 












H3?Ra ccsstaituna 


This study 


20 




R3?fta containing 


Tlus study 




Hj7S& con c:ai rang 
pYt?Bs354 


This study 






pYUB3SB 


This study 


2S 




PYUB3S6 


Tftis study 




Shuttle Plasroi<i 










..^s^l^tor 


T&.d>$ s~udy i 


30 




K3 7 F v i vg- con *&Lv. i 
ro^ud derived £r<W 


This sc^&y 






-H^Rv ivjcr 


This study 








This study 




.P™3SS 




This stu;3y 


35 


! 







77 



Tmm $ 







Clones 










SJ_ 


6 >: 10 s 


1, 14, 28 






Pool I 

Lli - 


t x is* 

? 


1, 14, 2S 






PosI 1 
Boql 2 


■ : 

7 x nr- 

A * w 




is 




Fool :i 


» x -o; 
7 X 10? 

^ 


1, 14 




"-■?:-., 


1-2 x IQ 4 
4 .X SQ 4 

x 








H3 7RV 


1 x. I0 4 

1-3 x ;o 4 
S x 10 4 
£ X 10 4 
S x 10* 
4 x 10* 










is 


ft n r.h 









orua*!; U % o* -he inoculating doge. 



mtmmit 



vtr-ci ^a.t«r -u-».^ c-ifr.fx sthik a d x~ st;a;r? 
^ C ; ^r, , s ^ <id-i\ * t , 

recombinants; 

f lex* t«q vitlsm ~ , -d 

r T.d=^'5 1 vifsi tne- "\ T £, ;^"ot; vh_^> ^r^^"-> 

v.srs.i.enct. 



vcmmmwn 





re - >>rb :as n t j>o j ■> n „ ^ 1 1 d-? r t ^ I ^ 1 „ 1 

11. An is^l&t^cs polynucleotide reprise J of a 
linear se-arpersr c: l«?a?t fu,c«ect.i£s®is that 
substantially hcrcc ; c-gous tc ray ^onact^r^a < DKA in 
« ti&smid s-slsetei ixrz>K. the group _v ririi^?; ir/3 ~£ pcHA; , 

p^HAl*. pVf:F3S2 ( pYus 3 = ?i pVUEjS4, 



selected rroti tb.- rrrc-up cosn= j At ,r*g ?t *he u^lysusf t ide 



80 



wommti 



of claim i, claim 2. t claim 3, claim 4, cl&ins 5, claim S> 
5 accordant to claira 11. 

wlv-nr-ir. tri-" 1 pc lyTvucle.: Lia« is ^Jk'vt^d isc? Lite 

lynucie-^id^is acccrslins to claims ~ f 4 s f t, ?, ^ „ sr.i 

IB 

1" Tr^ t^h'-v. r" l yT'*" ' - v 1 ! " ^ 

*k - me.™* ? t TKSv * f*c e c*» sL* ^ wj.t^ 

^f=q e^' - * 2 ' ^ r t ■i* k a - gr*i r ->i 



81 



WO 95/17511 



» * * V t » N r i \^ o-v-j^i^ - s . » x .uIai position 
'v: i^f^^-^H ^i^,**- ^- t^u s vii n^^rc p-* --pe-rt Less of 



ATCC NOtf Noll 



ATCC 





at!L oriE aph INSERT OF WAg20Q DNA IN COSMiD pUHA1 COS attR 



KANAMYCIN SELECTION 




S kb FRAGMENT OF pUHAI INSERT 






FIG. 1 



1/32 
SOSfflWE SHEET fl^^ 



mmmnmn 




tctffiaMtMftt 



X-JT ^ 

41 



m 



* 3, r 32 
SUBSTITUTE SffiET (RUIE 2 



vcrmmmmi 



affP Ps& 




insert 
Pm\ fragments 



FIB* 48 



GEL SOUTHERU 

4/32 



fCtmm^mn 



1 2 3 4 5 




FIG, 4C 

6/32- 
substitute sheet pai: m 



ycBUMruna 



50 * 



20 - 



10- 



0 10 20 3D 4G SC S$ 70 80 
TIME (DAY) 

FIG, SA 



6/ 32 




7732 



| Partially digest mlh $$u$h 

^^^^ ^^^ C 



iigate to X cos 
t paclca§e into X heads and talis 



Transducs 



HSTRa 



S«tect for kanamycin distance 
Isolate cosmic! as plasmid 



COB 



( r 



HSTRv insert 



FIG. 6A 

8/32 
SUBSTITUTE SH£€? (fttHE 26} 



23,1 




HQ. SB 



9/32 



suesnrurESH&rpjiEasi 




10/32 
SyiSTITlHl SHEET pill IS| 




1 2 3 4 S 6 7 8 9 



FIG. SB 

1 1/32 
SUBSTITUSS SHEET fRUUSS} 





o 



SUBSTITUTE SHEET (RUU 2$ 



W0 9Sftf$lt 



U S 3 I S S I 



1- 



<:i ^ 3 3 



J ■:. 1 1 a 
lllill 



5 g 



i 



* 5 % $ 

111! 



"13/32 



suasmra sheet wits ») 




14/31 
SUSSriTUII SHEET |MJ 26) 



^ <5 



< 3 



<3 13 p 

Lr? ^> 



& & 

< ■< t^S 

8 s g r " 

§ e s < 5 

P <ss <: 



9 ^ $ $ £ 

H p O h» p 

'a 5 os 

w c.j >— 



3 cs 



< w p 



5E S 



5 S 



<r <z 



£ g 5 S 

§ § H it 

< : w 

;i :i i ? 

^ ? K 

a & *& 3 



O "--J <£' vf. 

§ 8 5 s U 

s '4 3 y 5 

>| 3 5 5 

<- ^ : ^ ^ 

s $ 3 ^ $ 



e; ^ 



j.j> 



5p 



15/32 
SUBSTITUTE SHEET (BUU 26| 



s - t g |£ V * r | | 




16/32 

SUBSTIWi SHEET (RULE 26) 




17/32 
SUBSTITUIE SHEET {RULE 2$ 




18/32 



aissiiipn swe pie « 




^ c- ^ - i- _ ^ _ ^ - _ ^. ^ -„ ^ 



19/32 

suBsrmirE sheet pjti m 



tcmmmmz 



<: «f <£ 

< <. <t 

ZPi <e, i— 

^ £ j£ 

?s £ ? 

3 £ £ 



<t ^ ^ 



3 3 § 







£3: 








Sill 














•s» 






1 i 


< 






ft «s.. 














< 


tX. el. 


< 



















































I - 






c> 








































































< 








a. 








< 
















b 


5 







20/32 
SUBSTmM SHEET 0BJIE26J 



WOMtftmi 




21/32 
SUBSTITUTE SHEET {ROLE H| 



o 13 B 
& <s & 



CJ,. El. G_ 

Q jSj O 

d d 



£L Q_ £L. 



is*: ±t 

w us u 

a. aa. a. 

o S £S 

X ~> 

5 3 3 



^ a a 

uS 2} £j 

6/5 iy» 

)*« 

3 ° 3 

5* 5£ S* 

o dt 



^ <t -OL 



% £ $ 

a ^ 2 

^ ^ jfc 

* I I 

5s£ ^ 2< 

\n <Si m 

J- W Ui 



^ - 

CO U5 



22/32 



UaM^icrr- 3 Average Natch Q.54D 

Qis^nty: 2t>2 . 3 length: 536 

Ratu. : l 6« Gaps: 8 

Percent Similarity : 72.632 Percent Identity: 55.649 

10807; pep x tont.pepf Kay 30. 15*94 12:52 . . 

1 MV'SAAr. SPKRARKSVMKSPVKRTATKTVA , . . .AKTTVTRTVA. 40 
1 \'A ^M>'!vT(^o^\lr v A " v G 45 
41 ATAAPAvT$A0AAODAVAMf»AK . . , O AAK KATAKKAAAKK ?9 

BO TTAKKTAAKK. . , . ... '. \. . ' 89 

96 HATKPRAP^ 145 

90 ! i&mi ao-r^AA^vKAa ^rar 120 

146 m D[iE0?^rrA:D:L0^U!>n[ -.milk aAvap^taixoc^ iaM 

12! NK. . .GTYiSODDEDDA. . PAGQV AV AGAT ABP i?KQ *1KQ 1 (^CVPLL N A i&* 
I I ! i ! 

I6B £ 0\ V 1 1 ^ R j L "A50Kt AN ADM AP^RdLH }ACrvR-jAk\ 21D 

211 - irA R^V^-\Hil^ * Lk.ON 0 IR'V-Vl 'T^u 260 

; V likfc - , v ^ "ta&W 1l;ql,3l!2 : -vAvrrn ^ K '-1 > - 34?. 

261 ST V ATWW J RQ A I TR AKADQ^T I R ! R - HKV5 V' T NK. i. Alsv QRCM ODLGRF 3IC 

v <! H^kA^^A^of 1 . 275 



SPIGOTS 11 

23/32 
SUBSTITUTE SHf'O (fiULf 2® 



3 S 



P 6 
9 * 



ft: 

rf < < 



.... Kl OS 



g S 3 3 3 




*S < < *S 



a. & 



fas I- 



& fS, ft, 



& » S J« 
ft ft fr. &> 



» « » - r 



£3 £S a Q i3 



« & & & 



itf i a j 
S3 5 v. 

*«! *$ *4S 



















&, 






\ 


r 

o 










■m 

St 












-I if 












■< £. 
















b 




- j 








^ ft- 


^ ^ J -j 












4 


S? 






t ^ V t) 




3£ 









SUBSTITUTE SHEET (RULE 26) 



§£ §f g 

o o p 



e e _ 

3s£ 5*£ 



iiJ ti5 yj: l±j UJ: 

;> 3» S» 

si SsE £§ e§ a£ 

i i! t f i; 

0 O 0 tjs o 

z z z z z 

(3 O 53 U (S 

uj y kj y u 

o" o Of o' 

a q o o a 

_J _JS _J *_J 

1 3 i S 5 

Q£ IX JQ£ a; 

a s S 3 s 

II g p 

</i I7i 4/> t/> i/5 

>■>->.>. Ss. 

5> 5s* 5* 3> 5» 



«| o£ q: 



^ § S S 

BO o o 
cr cy cf 



0 O' O O O 

1 1 I I 5 

^ ^ y ^ 



CL. 




22: se: se: ;x as 



< < < <f <- 
IF £ £ £ 

CO 1A W> </> 



U,l 

S ^ ^ 
UJ LtJ Uj 



slips 

&r dr S- t> Z 
t/1 to vy wf* 

8 e 8 | 8 

t fc fc. ^ 
es is £b r ^ 

trt V s * 



U Uj u 

111 
s s s 



Ea £! q 

ill 

U U 

U Iki UJ 

& & ^ 

a, a,, a. 



O O ii£ S 



£ £ £ 



26/32 

SUBSTi™; SHEET (RULE 2f| 



w&mrnn 



t£5 CO £3 ££F 
Ui i±l LsJ t 



8 § § 



s s s 



S & & 




O O 








5T S? 


o 

in 


ce: jar 
to t/* 

EL 


G£ 

t/1 

fV. 


X ^ 

*; ^ 





3 3 



i I 



«C -SC < 



g £ | ^ 

S l E l l 

^ £ £ ^ 

Ll> UJ u 

.a* Ja» S*- i> 

t« O p O c_ 

>~ 3*~ >■- >- Sh-. 

O S §r ^ ^ 



27 / 32 
SUBSt SRF T (RULE :g) 



h ^ < 5 ^ : J - f > L- i * ^ £ 

o '.^ — cj> < c,: i^s iLS <; ( ™ 

-" ■ ■ ' S\ *~ ^ V J ^ 



■■J$ -3 ^ 



§ ^ I ^ d S I S b i 8 g s S 

^ yj c/r \3 ^ «sc u 

S : : ^ ? j r < i; u - ^ > & 

^ - ^ b ? ? ^ ^ b 5 ^ ^ 5 2 

i~- ^ «=c < <jj ^ 4; u c*s 

8 :r- 5 3 8 s S 3> g S 

<*H Si ;L >S H ^ p_ ^ ^ 1-2 ^ 

o ; j ^ o 0 j~ <s ^ o p 5 b 

3 * . - T ^ ^ -t 5 -. f - ^ ** S 

H ^ 1 - ? :: 3- 5 ^ ^ e 

3 1— o o < <c '£ o <c >— cj o 

w ;rj ™- n i.J f_H ■<? < O \D <■ 

^> ;s t£ Cb -3 < O <: cja <s «z k 

J>> O O r.b v.; ^ o <lj cj> !— k 

^ ^ 1 — ■ <: ;j> w <£■ i.« 

>5 < u ^ - <r o <r. -v^ ^5 (j; 

I h S F 



— i-» < < 

a » ^ 8 & 



28/32 
SOBSTmfll SHEET ^ULE 285 



m » W <c O i— _ in o 

'—' wj w *~- o «B no 




29/32 

siffisimiiim 




30/32 

SUBSUME SHEET {MILE 28) 




31/32 

SUBSTITUTE SHEET (RULE 28) 




32/32 
SiiiSTITllll SHEET {RULE 21! 



